INTRODUCTION
Congenital cervical block vertebra is considered an incidental radiological finding unrelated to disease, 1 but others consider it causes secondary degenerative changes and mobility disturbances of adjacent segments in the same manner as iatrogenically created immobile segments. [1] [2] [3] [4] [5] [6] [7] [8] No quantitative data have been presented to support these differing opinions. 9 We evaluated the morphologies of congenital C2-3 synostosis in the cephlad and caudal adjacent discs and facet joints of 25 patients.
MATERIALS AND METHODS
Radiographs of 11 males and 14 females aged 5 to 74 years with congenital C2-3 synostosis obtained at 6 hospitals between April 1995 and July 2009 were reviewed. All cases were found incidentally on radiographs; no patient presented with a shortneck appearance. The patients' complaints included neck/shoulder discomfort/pain (n=25), neck motion limitation (n=1), an acute wry neck possibly an atlantoaxial rotatory subluxation (n=1, 5-yearold boy), and post-traumatic transient myelopathy symptoms (n=1, 44-year-old man).
RESULTS
13 of the 25 patients had spondylosis in 21 segments: C1-2 (n=1) and C3-4 (n=1), C4-5 (n=7), C5-6 (n=9), and C6-7 (n=3) [Table] . Of whom 12 had normal sagittal alignment, and one had kyphotic synostosis who developed compensatory hyperlordosis of the caudal mobile segments and subsequent spondylosis at C3-4 and C5 retrolisthesis (Fig. 1) . 11 of the 12 patients with normal sagittal alignment had 2-to 3-segment spondylosis between C4 and C7 (19 segments). The remaining 2 spondylotic segments occurred at C1-2 in a 40-year-old woman ( Fig. 2) and at C3-4 in the patient with kyphotic synostosis. Four males and 4 females had one spondylotic segment, 2 males and 2 females had 2 spondylotic segments, and one female had 3 spondylotic segments (Fig. 3) .
The remaining 12 patients had no spondylosis and had normal sagittal alignment, but had other associated pathologies including disc herniation at C3-4 (in a 43-year-old woman), C1 ring hypoplasia (in a 44-year-old woman), posterior C1 ring hypoplasia (in a 44-year-old man), and calcification of the nuchal ligament (in a 48-year-old man). 
DISCUSSION
Congenital cervical synostosis may alter kinematics and exert extra stress on adjacent unfused/mobile segments, and result in progressive joint degeneration and segmental instability. 2-7,9-14 Adjacent joint disease was associated with patient age, presumably due to differences in physical adaptability to stress between children and adults. 7, 8 In our study, a 5-year-old boy developed acute torticollis after flu, probably caused by atlantoaxial rotatory subluxation, rather than C2-3 synostosis, as it reduced spontaneously (Fig. 4) . However, arthrosis of the left atlantoaxial (C1-2) facet joint in a 40-yearold woman with normal sagittal alignment was considered to be associated with C2-3 synostosis (Fig. 2) . Whether caudal joint changes below C4 were associated with C2-3 synostosis remain unknown. Such changes might have been more related to constitutional factors than stresses arising from the C2-3 synostosis. Moreover, degenerative disc changes at caudal mobile segments below C4 were not encountered in 12 patients aged <40 years with a normally aligned synostosis (Fig. 5) , whereas spondylosis in 12 patients with normally aligned synostosis were found at the non-adjacent caudal mobile segments. Only the 43-year-old female with kyphotic synostosis had spondylosis at the adjacent caudal joint with C5 retrolisthesis (Fig. 1) . Thus, spondylosis should be assumed to be produced by natural ageing, unrelated to C2-3 synostosis and malalignment.
We speculated that normally aligned C2-3 synostosis does not affect adjacent caudal joints despite altered biomechanics. Thus, in the patient with kyphotic synostosis, the caudal mobile segments developed compensatory hyperlordosis that resulted in spondylosis at the adjacent caudal segment and C4 Figure 4 A 5-year-old boy develops acute torticollis, without cervical disc degeneration, segmental instability, and other anomaly. Torticollis is probably caused by the atlantoaxial rotatory subluxation after flu, rather than C2-3 synostosis, as it reduces spontaneously. retrolisthesis at the apex of hyperlordosis (C4-5) [ Fig.  1 ]. We therefore advise that kyphotic synostosis of any degree should be carefully followed up. It is debatable whether congenitally fused vertebrae are similar to surgically fused vertebrae. 1, [15] [16] [17] [18] This would be possible only if (1) segments adjacent to block vertebrae are truly normal to start with, and (2) side effects of surgical fusion are negligible. Both assumptions are speculative. 3 Our findings on congenital C2-3 synostosis may not be comparable to those on surgically fused C2-3. Therefore, normally aligned congenital C2-3 synostosis is only likely to develop adjacent joint disease late in life, whereas kyphotic C2-3 synostosis is likely to associate with junctional problems early in life.
Limitations of this study were the small case number (because of rarity), no cases of surgically fused C2-3, no cases of monosegment synostosis of the other levels, and no cases with variably severe kyphotic fusion as controls.
